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I.  SUMMARY  1 

Several  theoretical  studies  were  made  in  this  country  after  World  War  U  to  evaluate  the  Imp  ilse 
propulsion  gun  suggested  by  Langweiler  as  a  means  of  Increasing  projectile  velocity.  These  studies  led  to 
the  Initiation  of  experimental  programs  at  the  Ballistic  Research  Laboratory,  Aberdeen,  Maryland,  and  at 
the  Atlantic  Research  Corporation.  The  approach  at  the  Ballistic  Research  Luno>  ;-V>ry  has  been  the  ne  /el- 
opment  of  new,  unconventional  propellant  ystems  with  extremely  high  effective  burning  rates  to  be  used 
as  end-burning  charges  to  achieve  performance  near  that  of  an  impulse  gun.  The  approach  at  Atlantic 
Research,  on  the  other  hand,  has  been  the  utilization  of  properly  shaped  char, '.a  of  conventional  propellant 
traveling  with  the  projectile  —  an  approach  suggested  as  a  possible  means  of  achle  vtivj  substantially  the 
performance  of  the  Impulse  gun  In  the  theoretical  Investigations  m?de  at  Atlantic  F°*earch. 

The  Initial  goal  of  the  program  undertaken  at  Atlantic  Research  was  thr  :  oerlmental  verifica¬ 
tion  of  the  higher  theoretical  performance  predicted  for  "modified  Impulse  guns.  " 

It  Is  the  purpose  of  this  report  to  summarize  the  results  of  this  progrrm. 

A  description  of  the  gun  range  which  was  constructed  to  conduct  exper  mental  firings  Is  given. 
Th»  range  consists  of  a  gun  housing,  a  control  and  instrument  building  and  a  gun  butt. 

Two  1. 1-lncn  machine  gun  barrels  v.re  modified  at  the  Naval  Gun  Factory  for  use  In  the  exper¬ 
imental  firings.  Schematic  drawings  and  descriptions  of  these  two  barrels,  aesiguuied  Ui'n  A  and  Gun  B, 
are  given  together  with  descriptions  of  the  cartridge  cases  and  igniters  developed  for  use  in  each  gun. 

The  modified  1. 1-lnch  guns  mere  not  entirely  satisfactory  for  use  In  Mils  study,  the  major  diffi¬ 
culty  Vng  the  design  and  fabrication  of  progressive  propellant  charges  with  snuul  web.  If  additional 
studies  ere  conducted,  It  Is  suggested  that  a  3"/70-callber  gun  be  employed. 

A  gun  firing  system  and  associated  Instrumentation  was  developed  to  measure  gun  pressure  In 
the  chamber  and  at  five  positions  along  the  bore.  Both  upending- cylinder  and  piston-type  gages  using  re¬ 
sistance  strain  gages  as  toe  sensitive  element  were  fabricated  for  pressure  measurement.  A  special 
pressure  gage-igniter  combi  nation  which  filled  Into  the  cartridge  care  was  developed  to  measure  chamber 
pressure. 

Projectile  velocity  was  measur'd  using  either  phctoslecMc  screens  or  conducting  glass  slides 
to  trigger  a  1.  6mc  counter  chronograph.  Muzzle  velocity  obtained  by  measuring  time  between  two  pips  on 
a  photograph  of  an  oscilloscope  trace  was  found  to  be  Inaccurate  due  to  lack  of  precision  in  measuring  the 
time  Interval. 

A  closed  bomb  was  designed  and  constructed.  Tbs  bomb  was  tested  fit  pressures  up  to 

40, 000  pel. 

Ilia  results  of  firings  with  conventionally  loaded  charges  of  SPDN  3256  have  been  analyzed. 
These  propellant  grains  were  found  not  to  be  completely  burned  unde*  the  experl me..Ul  firing  condition*. 

An  empirical  form  function  Was  derived  which  gave  good  agreement  between  calculated  and  observed  gun 
jierformance.  Superior  Ignition  was  obtained  with  the  ARC  igniter  ar  compared  with  Mark  42  Ignlteri  in 
firings  wt*h  3236. 

A  progressive  charge  was  fabrVrt  by  inhibiting  0. 07*- Inch- thick  JPN  propeli***  vllh  « 

0.  O0J- Inch  .  im  of  ethyl  cellulose  and  by  making  cuts  rme-sUtssnUi  inch  apart  through  the  Inhibitor  on  both 
sides  of  the  sheet  It  was  found  that  propellant  prepared  In  this  manner  w»'  extremely  difficult  to  lgrlte  in 
gun  firings. 

Stacked  rt'.xs  of  JPH  prep*  11  ant  0.  030  Inch  thick  with  an  eccentric  one-fourth- Inch-di an* iter 
bole  n  each  disk  were  cemented  to  the  base  of  several  projectile..  These  charges  were  fired  In  combina¬ 
tion  with  conventionally  loaded  SPDN  3238.  In  admUon,  comparison  firings  were  mads  with  tbs  entire 
charge  cowent'onally  loaded.  Both  average  pressure  and  muxvi*  velocity  for  the  conventional  rounds  wars 
higher  than  obse.ved  in  firings  with  the  JPH  disks  attached  to  th*  projectile. 

Firings  were  mads  with  elthsr  1X107  or  M-7  propellant  gn  Ins  attached  to  the  projectile  in 
combination  with  com  enUooally  loaded  SPDN  3258.  gomawhat  higher  inu/alt  velocity  and  lower  pressures 
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2  I.  SUMMARY 

were  obtained  in  firings  with  these  grains  attached  as  compared  with  firings  in  which  the  total  charge  was 
conventionally  loaded.  When  either  1X107  or  M-7  grains  were  attached  to  the  projectile  the  end  caps  which 
Initially  restrained  the  grains  in  cavities  in  the  projectile  base  were  deformed  enough  to  allow  the  grains  to 
escape. 

Porous  grains  were  cast  in  projectue  cavities  by  cementing  together  pre-;:’ if. Celled  nitrocellu¬ 
lose  ball  i>owder.  Little  burning  occurred  In  the  first  firing  with  this  charge.  A  second  firing  was  made 
with  a  porous  attached  charge  and  a  80-gram  charge  of  SPDN  3258  conventionally  »•  acted  Extremely  high 
pressures  In  this  firing  Irreparably  damaged  the  barrel  and  breech  of  G«n  A. 

A  series  of  firings  were  made  with  the  propellant  charge  leaded  in  a  perforu'.  steel  basket 
attached  to  the  base  of  the  projectile.  The  average  muzzle  velocity  for  these  firings  wiu.  vnout  200  ft/sec 
higher  than  the  average  muzzle  velocity  recorded  in  firings  with  the  same  charge  and  the  pro' ec tile  weight  In 
which  the  propellent  was  conventionally  loaded.  The  maximum  pressures  recorded  at  the  various  gage 
positions  a- re  higher  when  the  charge  was  loaded  in  the  basket,  and  a  reasonably  constant  pressure  was 
during  the  first  15  Inches  of  projectile  travel. 

In  each  firing  with  a  basket-type  projectile,  structural  failure  of  the  basket  occurred,  the  tall- 
piece  usually  separating  from  the  body  of  the  basket.  It  Is  suggested  that  further  Investigation  of  basket- 
type  projectiles  be  ur.deHai™?!  to  determine  the  mechanism  of  their  structursl  failure  during  firing. 

A  projectile  was  designed  Into  which  was  cast  a  small  web,  nlnety-one-perforatod  grain.  These 
grains  weiu  made  using  plastisol- grade  nitrocellulose.  Only  one  round  was  fired,  however,  before  the  pro¬ 
gram  was  terminated.  It  is  suggested  that  the  use  of  grains  of  this  type  as  attached  charges  be  further 
investigated. 

An  interior  ballistic  system  was  developed  to  calculate,  for  a  given  set  of  loading  conditions 
and  with  assumed  values  of  maximum  pressure  and  muxzle  velocity,  explicit  values  of  shot-start  pressure 
and  retarding  force  on  the  projectile.  Calculated  maximum  presage  and  muzzle  velocity  using  calculated 
values  of  shot- start  pressure  and  retarding  force  on  the  projoc  .de  (Oats-  _lned  from  observed  values  of 
maximum  pressure  and  muzzle  velocity  obtained  under  otbet  firing  -ondlilona)  were  in  good  agreement 
with  those  observed. 

Theoretical  Investigation  of  Use  effect  of  dcuslty  gradient  in  the  propellant  gases  upon  the  ratio 
of  breech  pressure  to  pressure  on  the  bese  of  the  projectile  led  to  the  conclusion  that  variation  of  gas  den¬ 
sity  down  the  bore  has  little  effect  on  the  magnituu*  of  this  ratio. 

An  Interior  ballistic  system  was  developed  to  calculate  the  theoretical  performance  for  firings 
In  which  a  conventional  charge  Is  attached  to  lie  projectile,  or  when  part  of  the  propellant  is  conventionally 
loaded  and  part  attached  to  the  projectile.  The  equations  forming  the  basis  for  this  ballistic  system  are 
given. 

Ljedlng  condition*  and  measured  ballistic  data  for  all  firings  in  Oun  A  and  Gun  B  ars  Included. 
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It  has  been  recognized  lor  many  years  tiiat  the  effectiveness  of  projectiles  fired  at  a  target  in¬ 
creases  rapidly  as  the  projectile  velocity  increases,  and  considerable  work  has  been  done  toward  increasing 
the  muzzle  velocity  of  guns.  A  novel  approach  to  the  achievement  of  high  projectile  velocities,  the  lmpulso 
propulsion  gun, 11  was  suggested  in  1930  by  Langweiler  in  Germany.  The  Impulse  differs  from  the  con¬ 
ventional  gun  in  that  the  propellant  is  attacned  to  the  base  of  the  projectile  and  bur:..<  uidy  on  its  rear 
surface.  Langweiler  imposed  the  further  restriction  that  the  propellant  burning  rate  changes  in  such  a 
way  that  the  gases  leaving  the  combustion  zone  are  at  rest  relative  to  the  gun  r.oe  a».J  are  at  constant  pres¬ 
sure.  As  compared  with  a  conventional  gun  the  impulse  gun  la  superior  as  an  accelen-  ing  device  both  from 
the  viewpoint  of  propellant  efficiency  and  distance  efficiency,  Us  advantages  be  cornu.,  more  marked  at 
higher  muzzle  velocities. " 

After  World  War  U,  several  studies  were  made  in  this  country  of  the  Langweller  impulse 
gun. 14  14  14  These  studies  led  to  the  iniiistlon  of  experimental  programs  at  the  B  entitle  Research  Labora¬ 
tory,  Aberdeen,  Maryland,  and  at  the  Atlantic  Research  Corporation.  The  approach  at  tha  Ballistic 
"church  Laboratory  has  been  the  development  of  new,  unconventional  propellant  systems  with  extremely 
high  effective  burning  rates  which  would  be  used  as  end-burning  charges  to  achiav*  port  or  manes  near  that 
of  an  impulse  gun.  On  the  other  hand,  the  approach  at  Atlantic  Research  has  been  ins  utilisation  of  properly 
shaped  charge;  of  conv—'tlcniil  propellant  traveling  with  tha  projectile  —  an  approach  suggested  as  a  possi¬ 
ble  means  of  attaining  substantially  the  performance  of  tha  Impulse  gun  In  the  theoretical  investigations  mads 
at  Atlantic  Research. 14 

The  Initial  goal  of  the  program  undertaken  at  Atlantic  Research  was  the  experimental  verifica¬ 
tion  of  the  higher  theoretical  performance  predicted  for  "modified  impulse  guns.  ”14  This  program  was 
actively  Initiated  In  June,  19S2  and  continued  until  December,  1954,  at  which  time  the  study  was  terminated. 
It  Is  the  purpose  of  this  report  to  summarise  the  results  of  this  program. 
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III.  THE  EXPERIMENTAL  FACILITY 


A.  THE  GUN  RANGE 

The  gun  range  constructed  for  use  In  the  experimental  program  consisted  of  three  buildings;  a 
gun  housing,  a  control  and  instrument  building,  and  a  gun  butt. 

The  gun  housing  was  constructed  on  u  heavy  concrete  base  and  enclosed  the  gun  r'ith  6/16- Inch 
steel.  The  space  around  the  gun  Inside  the  housing  was  Just  large  enough  to  allow  normal  operations  on  the 
gun  and  breech. 

The  control  and  instrument  building  is  a  cinder-block  structure  with  approximately  200  square 
feet  of  floor  space  divided  into  two  rooms.  This  building  Ih  separated  from  the  gun  K  jusinn  ,.y  a  two-foot- 
thick  sand  barrier.  Instruments  and  recording  equipment  used  to  obtain  experimental  fir1";  data  were 
installed  i,.  the  larger  of  the  two  rooms  in  the  control  building.  The  second  room,  construe*.,  t  with  exploslor- 
proof  electrical  fixtures  and  conducting  floor,  was  used  for  propellant  loading  and  handling  —vt  contained 
the  equipment  used  to  temperature  condition  rounds  prior  to  firing. 

The  pm  butt,  approximately  SO  feet  from  the  muzzle  of  the  gun,  Is  a  bo fabric.-'*!  Lorn  c«u- 
tull -i..ch  steel  plate  four  feet  in  height  and  width  and  six  foot  deep  with  a  removable  front  uf  masonite.  This 
box  is  filled  with  sand  and  Is  enclosed  In  a  reinforced  concrete  structure.  It  was  iou»rf  that  approximately 
thirty  rounds  could  be  bred  into  the  gun  butt  before  the  sand  and  front  cover  required  replacement 

b.  MCUi5rEu  1. 1-INCH  GUN 

Experimental  firings  were  conducted  in  one  of  two  modified  1. 1-lnch  machine  guns.  Gun  A  waa 
used  for  all  firings  until  It  waa  damaged  In  Fil  ing  136  during  January  1964.  Firings  after  this  date  were 
conducted  In  a  second  modified  1. 1-lnch  gun  designated  Gun  B. 

1.  Gun  A 

Gun  A  was  modified  at  the  Naval  Gur.  Factory  for  u«»  lr  czperimantai  firings.  The  modifica¬ 
tions  to  ih"  gur.  consisted  of  ( 1 )  removal  of  the  rising  and  Increasing  the  bore  diameter  to  1. 150  Inches, 

(2)  Insertion  of  a  sleeve  In  the  chamber  to  give  a  constant  chamber  cross- section  through  the  bese  and 
cartridge  case  of  1. 150  inches,  and  (3)  drilling  and  threading  five  holes  at  Intervals  along  the  barrel  to 
receive  pressure  gages.  Use  of  the  sleeve  reduced  the  chamber  volume  by  about  40  per  cent  aa  compared 
with  the  normal  1. 1-lnch  gun.  A  schematic  drawing  of  the  modified  1. 1-inch  gun  barrel  is  shown  in  Figure  1. 

FIGURE  1 

Modified  1. 1-Inch  Machine  Gun  Barrel  for  Gun  A 
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a.  Cartridge  Cases  and  Igniters 


FIGURE  1 

Cartridge  Cases  and  Igr.lters  Developed 
fCi  "se  with  Gun  A 


CI'IMsr*  ("a 


(a)  Original  C.ortrldgo  Com 


Three  cartridge  cases  were  Developed  for  use  with  Gun  A.  *  Schematic  drawings  of  these  cases 
are  shown  In  Figure  2.  The  case  and  igniter  shown  in  Figure  2(a)  was  fabricat'd  from  brass  and  used 
tungsten  wire  as  the  ignition  element.  The  primer 
cavity  was  sufficiently  large  to  hold  up  to  10  grams 
of  black  powder;  however,  It  was  found  that  adequate 
Ignition  was  obtained  with  between  two  and  three 
grams  of  FFFG  black  powder.  Successful  electrical 
insulation  between  the  case  and  the  lead  to  the  Igni¬ 
tion  element  was  obtained  by  fabricating  the  insula¬ 
tors  from  cloth-filled  phenolic.  These  Insulators 
were  cemented  into  place  In  the  *g"ll«r. 

A  surjrirr  case  was  designed  and  used 
in  Con  A  af'.ci  Tiring  !°  This  'use  was  fabricated 
irom  steel  with  the  wall  thlcimess  reduced  to  improve 
obturation.  The  sUe  of  the  Igniter  was  reduced  and 
a  Gash  tuhc  was  incurpvi uieo.  A  schematic  drawing 

rf  ‘ his  cose  and  igniter  Is  shown  in  Figure  2(b).  jmuiuiiiunin. . . . 

A  third  case  and  igniter,  shown  in  Fig-  -  a  »  «  ■»  a  ^  ^ _ 

ure  2(c),  was  designed  to  use  the  Mark  42  ignition  .  . 

element.  The  volume  of  the  igniter  was  thus  further  (c)  Cortrldgs  Cots  For  MK-42  igniter 

reduced.  Firings  with  the  Mark  42  element,  however,  Indicated  that  the  ignition  delay  was  longer  and 
ignition  Inferior  to  that  obtained  with  the  ARC  Igniter.  As  a  result,  few  firings  were  made  with  this  case 
and  Igniter. 

2.  Gun  B 

After  Gun  A  was  damaged,  a  second  1. 1-inch  machine  gun  barrel  was  modified  at  the  Naval  Gun 
Factory.  Because  several  changes  were  made  in  this  new  barrel  as  compared  with  the  previous  barrel,  * 7 
the  new  gun  was  designated  Gun  B. 

A  schematic  drawing  of  the  barrel  of  Gun  B  is  shown  in  Figure  3.  To  reduce  propellant  loading 


(b)  Modified  Cortrldgs  Coes 


FIGURE  3 

Modified  1. 1-Inch  Machine  Gun  Barrel  for  Gun  B 
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8  DI.  THE  EXPERIMENTAL  FACILITY 

density,  the  chamber  was  enlarged  as  compared  with  Gun  A  by  eliminating  the  sleeve  previously  used.  A 
forcing  cone  was  incorporated  into  the  chamber  design  so  that  forcing  bands  could  be  used  on  the  projectiles 
as  a  means  of  increasing  shot-start  pressure  and  reducing  gas  leakage.  The  bore  dia>neter  of  the  new 
barrel  was  increased  to  1.  200  Inches  and  the  barrel  was  chrome  plated. 
a.  Cartridge  Case  and  Primer 

A  new  cartridge  case  a.  1  primer  was  developed7  for  use  with  Gun  B,  »rd  the  size  of  the  primer 
was  reduced  to  further  increase  the  initial  cliamber  volume.  A  schematic  drawing  ei  the  t»  and  primer  Is 
shown  in  Figure  4. 

FIGURE  4 


Cartridge  Case  and  Primer  Developed  for  Use  with  Gun  B 


C.  INSTR  UMENTATTON  DEVELOPED  FOR  MEASUREMENT  OF  BALLISTIC  PARAMETERS 


1.  Measurement  of  Gun  Pressure 


FIGURE  8 

Cylinder  and  Piston  Type  Pressure  Gages 


(a)  Cylinder  Type 


The  barrels  for  both  Gun  A  and  Gun  £  were  drilled  so  that  pressure  gages  could  be  Inserted  at 

five  positions  along  the  barrel.  (See  Figures  1  and 
3. )  Pressure  gages  using  resistance  strain  gages 
as  the  sensitive  elements  were  fabricated  to  mea¬ 
sure  pressure.  *  The  first  gages  developed  were 
patterned  altar  an  expanding-cylinder  type  gage  de¬ 
signed  at  the  Naval  Proving  Ground,  Dahlgren, 
Virginia.  All  gages  used  in  the  experimental  pro¬ 
gram  were  calibrated  In  cooperation  with  the  Naval 
Proving  Ground.  Figure  b(a)  shows  the  construc¬ 
tion  details  of  the  cylinder-type  gage.  * 

A  second  type  pressure  gags  was  also 
developed.  The  strain  element  In  this  gage  is 
mounted  on  a  piston  which  Is  comprsssed  by  the  gun 
pressure.  Car  itructlon  details  at  this  gags  are 
shown  In  Figure  8(b). 

Measurement  of  chamber  pressure  was 
made  possible  by  development  of  a  pressure  gage- 
igniter  com'  nation  which  fit  Into  tbs  cartridge  case.  * 
Figure  6(a)  Is  'i  drawing  of  tbs  igniter-pressure 
gage  developed  for  use  In  Gun  A.  Aa  Improved 


•  The  initial  group  of  cylinder  gagea  was  found  to  have  nonlinear  response,  pa’  ticularly  above  30,000  pei, 
due  to  the  use  of  an  incorrect  type  ateel  and  improper  hardening  of  the  cylindei . 
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version  o,  this  gage  iu  developed  for  un  with  Gun  B.  Thle  gage  was  mechanically  Interchangeable  with 
the  standard  Igniter,  the  only  effect  resulting  from  Its  use  being  a  alight  reduction  'j>  chamber  volume.  De¬ 
tails  of  the  Igniter-pressure  gage  used  in  Oun  B  are  shown  In  Figure  6(b). 

Because  these  gages  were  used  ouiy  to 
measure  transients,  a  "dynamic"  type  circuit  was 
designed  using  A.  C.  amplifiers  and  A.  C.  oscillo¬ 
scopes.  This  system  was  much  less  expensive  than 
a  conventional  bridge  circuit  with  D.  C.  amplifiers. 

Figure  7  Is  the  schematic  of  the  pressure- gags  cir¬ 
cuit 

Recording  of  gun  pressures  was  accom¬ 
plished  by  feeding  the  output  of  the  strain-gage  cir¬ 
cuit  to  preairpHliers  am  then  to  the  vertical  ampli¬ 
fier  ‘.tipatof  single- a  weep  oacuioacopea.  The  sweeps 
of  the  oscilloscopes  were  triggered  by  th.  burnout 
of  the  igniter  wire  in  the  primer.  Z-axls  sendulatlna 
»a*  used  with  the  trace  blanked  at  0.  5- millisecond 
•carols  try  urovlde  timing  markers. 

Photographic  records  of  the  traces  on 
the  oscilloscopes  were  made  with  special  cameras 
constructed  to  use  two  -  and  -  one  -  fourth- Inches  by 
threw- sad- one-fourth- Inches  cel  film  or  with  a  ro¬ 
tating  drum  camera.  *  The  ternaras  were 

constructed  with  electric -mutter  solenoids.  How¬ 
ever,  uucaoee  the  beams  were  Masked  until  trig¬ 
gered  it  was  found  more  cosvealeaf  to  leave  the 
shutters  open  and  pull  the  slides  on  the  film  holder  to  prepare  the  film  for  ajqpoeara. 

Timing  marks,  which  were  rigierlmpoeert  on  the  prseoma  traces,  ware  obtalaed  by  a  time 
marker  generator.  This  device  employed  a  tuning-fork  oscillator,  aad  It  lOuld  be  need  to  p"jd«ce  accurate 


ROWE  6 

Igniter-Pressure  Oagi-  n*valoped  to  Measure 
Chamber  Pressure  in  Ou„ :  A  aad  B 
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FIGURE  7 

»c hematic  Drawing  of  7. .  Jsuro-Qag*  Circuit 
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Urns  markers  of  efihtr  polarity  wMh  periods  of  0. 1,  L0,  or  X0  mllllaeoouda  A  four- mUUsoeoad  pulse 
synchronised  wltk  other  pulses  was  also  available.  The  dwelt  of  the  time  marher  geaerator  la  Mwwa 


*Th*  drum  camera  was  used  with  a  dual-beam  oscilloscope  to  iscord  chamber  pressure  aad  pi 
the  first  gags  position. 
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as  Figure  8. 

Three  mechanisms  v/ere  developed  for  calibrating  the  pressure  traces,  but  none  was  completely 
successful.  The  first  system  used  a  "shorting"  type  wafer  switch  rotated  rapidly  by  a  jurl-v  mechanism. 1 
The  same  calibration  steps  were  applied  simultaneously  to  all  pressure  gages.  The  primary  sources  of 
trouble  with  this  system  were  deterioration  of  the  silver-plated  contacts  on  the  switch,  Interference  between 
the  various  gage  circuits  through  the  calibrator,  the  requirement  of  different  height  for  various  gages, 
and  difficulties  encountered  In  triggering  the  oscilloscopes  for  calibration.  * 

FIGURE  8 

Circuit  of  Time-Marker  Generator 


A  second  callbr-'or  was  constructed  using  a  motor-driven  cam  to  opsraw  sir  sets  of  three 
ewitchee.  *  Thus,  three  swltchee  in  etch  gage  clroult  could  be  opened  to  calibrate  the  preecure  trace  with 
appropriate  resistance  steps.  A  'day  was  Incorporated  uto  the  circuit  to  short  out  the  calibration  re¬ 
sistors  after  one  rotation  of  the  cam.  The  quality  of  the  calibration  traces  ^reduced  by  this  system  deteri¬ 
orated  rapidly  with  wear. 

A  third  calibrator  was  designed  using  Western  Electric  UA- 77-47  relays.  *  Three  relays  with 
normally  closed  contacts  were  used  lc  each  pressure-gage  circuit  The  colls  of  these  relays  were  connected 
In  parallel  and  the  time  of  opening  of  each  contact  after  the  application  of  voltage  could  be  controlled  quite 
accurately  by  the  addition  of  a  email  resistance  In  series  with  the  coils.  A  calibration  sequence  was  achieved 
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in  15  milliseconds  by  adjusting  each  relay  to  operate  with  about  a  live- millisecond  delay  alter  operation  ol 
the  preceding  relay.  The  complete  circuit  for  this  calibrator  is  shown  in  Figure  9. 

2.  Measurement  of  Projectile  Velocity 

Projectile  velocity  was  obtained  >7  measuring  the  time  interval  required'  r  tie  projectile  to  iravel 


FIGURE  9 

Schematic  Drawing  of  Relsv  Calibrator 


a  given  distance.  Initially,  velocity  measurements 
were  made  by  determim  g  ta>.  Mme  Interval  between 
the  breaking  of  conducting  paths  obtained  by  apply- 
ing  sliver  paint  to  two  glass  u.  i.’roscope  slides. 

The  slides  were  placed  In  the  ,  of  fire  and  were 
held  two  feet  apart  by  supporting  stands.  Ilectri- 
cally,  the  slides  were  pnrt  of  an  RC  circuit  which 
produced  a  sharp  voltage  pulse  when  each  slide  was 
broken.  The  pulse  circuit  is  eh‘<wn  in  Figure  10. 

The  two  pulses  from  the  velocity  circuit  were  dis¬ 
played  on  an  oscilloscope  with  time  barkers  applied 
to  the  Z-axls.  Measurement  of  the  photograph  of 
the  oscilloscope  trace  was  used  to  determine  the 
time  between  breaking  of  the  slides.  The  major 
difficulty*  with  this  system  was  Inaccuracy  due  to 
lack  of  precision  In  measuring  the  time  Interval  on 
the  photograph. 

A  second  method  for  determining  projec¬ 
tile  velocity  was  the  use  of  a  1.  Omc  counter  chrono¬ 
graph  in  conjunction  with  either  a  pair  of  photoelec¬ 
tric  screens,  wh*ch  produced  a  sharp  pulse  when  the 
projectile  passed  through  the  beam,  or  with  tbs  con¬ 
ducting  glass  slides.  It  was  found  that  either  the  glass  slides  or  the  photoelectric  screen  gave  equally  good 
results  If  time  was  measured  with  the  counter  chronograph. 


3,  Gun  Firing  System 

Several  problems  were  encountered  In 
the  development  of  a  system  for  firing  the  gun  and 
triggering  the  oscilloscopes.  The  major  difficulties 
were  multiple  triggering  of  the  oscilloscopes,  which 
obscured  the  pressure  trace  and  time  markers,  and 
erratic  time  variation  between  burn-out  of  the  Igni¬ 
ter  wire  and  propellant  Ignition.  *  These  probUr.,* 
were  eliminated  by  the  development  of  the  firing  and 
triggering  circuit  shown  In  Figure  11.  The  principal 
Innovation  was  the  design  of  the  circuit  around  three 
thyratrons  (Type  2050),  used  aj  relays.  The  grids 
are  biased  negatively  and  the  thyratrons  are  fired  by 
coupling  a  positive  pulse  Into  the  grids.  The  first 
of  these  thyratrons,  Tl,  Is  used  In  the  circuit  to  fire 
the  gun.  Any  external  switch*  can  be  used  to  firs 
the  thyratron.  The  second  thyratron,  T2,  Is  used 


10 

Schematic  Drawing  of  Velocity  Circuit 
Using  Class  Slides 
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•  When  the  drum  camera  was  put  into  uae,  a  (witch  on  the  drum  camera  which  U  (ynchrotiised  with  the 
position  of  the  drum  wan  uaed  to  initiate  the  (age  calibration  (equence  and  fire  the  gun. 
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to  produce  the  pulse  that  triggers  the  oscilloscopes.  The  pulse  which  fires  T2  la  taken  from  the  high  side 
of  a  small  resistor  m  the  firing  line.  The  output  is  taken  across  the  cathode  resistor  end  differentiated  tr 
produce  a  short  voltage  pulse.  This  arrangement  has  the  advantage  that  additional  triggering  pulses  cannot 
be  produced  until  the  thyratron  has  been  reset.  The  triggering  pulse  can  be  taker.  c;iLL»r  directly  to  the 
oscilloscopes  or  it  can  be  passed  through  a  p  aset  time-delay  generator.  The  third  liyriiron,  T3,  is  ue*d 
to  trigger  the  oscilloscopes  for  the  calibration  sequence  Best  results  were  obtained  with  a  time  delay  be¬ 
tween  closure  of  the  firing  key  and  triggering  of  the  oscilloscopes  of  20  millisecn.  ds  a.  J  oscilloscope  swsep 
times  of  35  to  50  milliseconds. 

D.  CLOSED  BOMB  APPARATUS 

A  closed  bomb*  was  designed  and  constructed  to  obtain  propellant  burning  rates.  The  bomb  was 
tested  at  pressures  up  to  40, 000  pel.  A  complete  assembly  drawing  of  the  bomb  is  shown  in  Figure  12.  No 
instrumentation  was  developed  for  use  with  this  equipment 

FIGURE  12 

Assembly  Drawing  of  the  Closed  Bomb 


♦Nominal  chamber  volume  it  200  cc. 
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12  IV.  EXPERIMETAL  STUDIES  IN  GUN  A 

A  total  of  130  experimental  firings  were  conducted  during  the  period  December  1953  to  January 
1954  In  Gun  A.  Pertinent  information  for  these  firings  is  given  in  Table  I  of  Appendix  A. 

A.  FIRINGS  WITH  CONVENTIONALLY  LOADED  CHARGES  OF  SPDN  3256 

Initial  firings  in  Gun  A  were  made  to  obtain  firing  experience  and  to  determine  the  effect  of 
variation  in  loading  conditions  on  performance  using  propellant  lot  SPDN  3256.  *  Th>  ,'wiler  was  originally 
intended  for  use  in  the  conventional  1. 1 -inch  machine  gun.  In  the  original  application  a  115-g,  m  charge 
with  a  0  917-pound  projectile  gave  a  muzzle  velocity  of  2700  ft/sec  with  a  maximum  pr<  saure  of  about 
36,  000  pal. 

In  the  experimental  firings  with  SPDN  3256  in  Gun  A,  however,  much  lower  proJ»'-:'le  weights 
and  smaller  charges  were  employed.  As  a  result  the  propellant  grains  were  not  completely  To 

obtain  acceptable  agreement  between  calculated  gun  performance  and  experimental  results  using  propellant 
burning  rates  determined  from  closed-bomb  measurements,  It  was  necessary  to  modify  the  theoretical  form 
i  ki:.:tl?n  *or  these  grains.  Mtw  u»uatlon  of  the  form  fcr.rt,''n  by  assuming  different  burning  ,  ales  on  the  out¬ 
side  of  the  grain  and  In  the  perforation  resulted  In  calculated  muzzle  velocity  In  agreouamt  Tt*h  experimental 
values;*  however,  the  calculated  pea*,  pressure  was  below  that  obtained  experimentally.  An  empirical  form 
'  inciion*  was  derived  by  calculating  a  propellant  charge  design  to  deliver  the  observed  average  pressure- 
distance  c  ,,  p  specltlc  loading  conditions.  Good  agreement  between  calculated  and  observed  perform¬ 
ance  was  obtained  for  other  loading  conditions  with  the  empirical  form  function. 

The  results  of  firings  with  SPDN  3256  using  both  the  ARC  igniter  and  the  Mark  42  Igniter  lndi 
cated  that  superior  ignition  was  obtained  with  the  ARC  igniter.  Experimental  pressure-distance  curves 

obtained  with  the  ARC  end  Mark  42  ignitors**  for 
a  60- gram  charge  of  SPDK  3266  with  •  projectile 
weight  of  ar»*-»  J10  g'ima  are  shown  in  Figure  13 
as  the  solid  and  dashed  curvus,  respectively.  The 
average  maximum  pressure  and  muzzle  velocity 
(obtained  by  measuring  tlms  with  a  counter  chrono¬ 
graph)  with  the  ARC  igniter  were  19,  600  pal  end 
1800  ft/ssc  -hlle  the  comparable  values  with  the 
Mark  42  Ignitor  were  10,  700  pel  and  1476  ft/sec. 

Average  muzele  velocity  obtained  by 
measuring  time  between  two  pips  on  i  photograph 
of  an  oscilloscope  trace  for  the  came  loading  condi¬ 
tions  and  with  the  ARC  Igniter  waa  1933  ft/aec  while 
average  muzzle  velocity  for  firings  with  the  Mark  42 
l.rritsr  under  similar  conditions  was  1752  ft/sec. 

The  difference  In  muzzle  velocity  obtained  by  the 


FIGURE  13 

Comparison  of  Average  Pressure- Distance  Curve 
Obtained  with  ARC  ar.d  Mark  42  Igniters 


•Propellant  composition  and  dimenaions  of  the  single-perforated  grains  of  STDN  ZZob  are  as  follows: 


Composition 


Weight  Per  cent 


Nitrocellulose  (1  3. 15)  90 
Dinitrotoluene  8 
Dibutylphthslate  2 
Diphenylamine  1 


Grain  Dimensions 


Grain  Length 

Grain  Outside  Diameter 

Perforation  Diameter 


0.271  inch 
0.080  inch 
0.016  inch 


♦  ♦Firing#  with  ARC  igniter  —  Firings  number  26,  27,  28,  29,  35,  39,  53,  54,  55,  65,  04,  95,  108,  109,  HO, 
Ill,  and  M2. 

Firing#  with  Mark  42  igniter  —  Firings  number  30,  34,  37,  38,  40,  50,  51,  and  52. 
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two  methods  of  measurement  for  these  firings  is  typical  of  the  difference  obtained  in  other  firings 

B.  FIRINGS  WITH  JPN  OR  JPH  SilKET  PROPELLANT 

Several  firings  were  made  with  conventionally  loaded  strips  of  uninhibited  TPN  sheet  propr'lant 
both  0.  07b  and  0.  045  inch  thick. 1  The  stri;  were  approximately  4.  5  Inches  long  and  0. 125  Inch  wide.  Re¬ 
sults  were  very  erratic,  but  examination  of  recovered  propellant  fragments  "Heated  that  the  propellant 
distance  burned  wan  in  good  agreement  with  that  theoretically  calculated  from  the  obtr  ved  pressure-time 
data. 

FIGURE  14 

Projectile  Used  for  Attached-Charge  Firings  with  JPN  Sheet  PropeL.';  t 
(Projectile  Type  D) 


In  addition  to  the  conventional  firings  with  charges  oi  JPN  strip  propellant,  several  firings  were 
made  vrftu  strip  propellant  attached  to  the  projectile. a  The  projectile  used  in  this  series  of  firings  is  shown 
in  Figure  14.  Two  co-axial  cylinders  of  propellant  were  supported  between  the  main  body  of  the  projectile 
and  the  end  cap.  The  outside  diameter  of  the  end  cap  was  one- eighth  inch  less  than  the  inside  diameter  of 
the  gun  bore  and  openings  were  machined  in  the  end  cap  inside  the  cylinders  of  propellant  to  allow  propellant 
gas  to  flow  to  the  rear.  The  initial  firing  made  with  this  system  used  0. 078- inch- thick  JPN  sheet  inhibited 
with  a  0. 003-lnch  ethyl  cellulose  film.  A  progressive  charge  w zb  obtained  by  making  cuts  one-sixteenth 
inch  apart  through  the  Inhibitor  on  both  aides  of  the  propellant  sheet  ana  parallel  to  the  axis  of  the  projectile. 
The  totsu  propellant  weight  In  this  charge  arrangement  was  shout  48  grams.  Although  neither  pressure  nor 
muzzle  velocity  was  successfully  recorded,  they  were  probibly  low  since  recovered  portions  of  the  propel¬ 
lant  Indicated  that  almost  no  burning  had  occurred.  To  obtain  an  Indication  of  whether  the  inhibiting  system 
or  the  projectile-propellant  system  caused  poor  Ignition,  tests  were  conducted  In  which  (1)  similar  Inhibited 
propellant  was  conventionally  loaded  along  with  uninhibited  JPN  sir  ip  propellant,  and  (2)  uninhibited  propel¬ 
lant  was  employed  in  the  attached- charge  projectile.  Little  burning  occurred  with  Inhibited  sheet  when 
conventionally  loaded,  although  adequate  ignition  of  the  attached  uninhibited  charge  was  'btalnci 

A  different  type  of  attached  charge  system  was  used  in  a  eerier,  of  firings  made  with  JPH  sheet.  * 
Three  firings  In  this  series  were  .i>ade  with  an  attached  charge  fabiicated  from  0.  020- Inch- thick  disks  of 
propellant  the  same  size  i  i  the  base  of  the  projectile.  *  Each  disk  1  1  an  eccentric  one- fourth- inch  diameter 
hole  cut  in  it.  The  disks  w  >>  e  stacked  with  the  small  boles  not  aligned  and  cemented  together  along  th* 
edges  with  a  narrow  ribbon  of  cement.  The  st were  in  turn  cemented  to  the  base  of  the  projectile. 

The  attached  changes  weighed  about  15.  5  grams  and  were  comprised  of  31  disks.  In  addition  to  the  JPH 
propellant  attached  to  the  projectile,  60  grams  of  SPDN  3250  was  com"  Monally  loaded  in  each  firing. 
Average  pressure  versus  projectile  displacement  obtained  In  these  firings  is  shown  by  the  solid  curve  in 
Figure  15.  The  average  muzzle  velocity  measured  lr  toese  firings  wen  2216  ft/sec.  The  average  pressure 
versus  projectile  displacement  obtained  in  comparison  firings  with  60  grams  of  SPDN  and  15.  5  grams  of 


•Filing*  number  114.  115.  116,  117,  118,  and  119. 
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JPH  strip  both  conventionally  loaded  Is  shorn  by  the  dashed  curve  In  Flguie  15.  The  average  muzzle  veloc¬ 
ity  for  these  firings  was  2302  ft/ sec.  Both  average  pressure  and  muzzle  voloclty  lor  the  conventional  rounds 
were  higner  than  that  observed  In  tho  firings  with  the  JPK  disks  attached  to  the  projectile 


FIGURE  15 

Average  Pres  ture  versus  Distance  for  Firings 
Made  with  JPH  Strip  Propellant  Conventionally 
Loaded  and  Attached  to  the  Project's 
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FIGURE  17 

Average  Pressure  versus  Projectile  Travel  for 
Firings  with  1X107  Gralnr  In  Combination 
with  SPDN  .  250 
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FIGURE  15 

Projectile-Propellant  System  Used  In  Firings 
wttn  1X107  Prui^’lant 
(Projectile  Type  '■) 
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C.  FIRINGS  WITH  1X107  PROP  ELL  AH?  GRAINS 

A  small  lot  of  IXlCi  ornpnj laat  grtiius* 
was  obtained  from  the  Naval  Powder  Factory,  Indian 
Head,  Maryland,  In  order  to  evaluate  this  propellant 
for  use  In  the  1. 1-lnch  gun.  These  grains  were  suit¬ 
able  only  lor  preliminary  evaluation  of  the  propel¬ 
lant  Following  several  preparatory  rounds  using 
1X107  pains  alone,  twenty-five  rounds  were  fired 
using  charges  composed  of  combinations  of 
SPDN  3156  and  1X107  grains.*  *  The  Initial  firings 
using  this  type  Ca’grt  vtro  made  with  60  grams  of 
SPDN  3156  conventionally  loaded  and  two  grains  of 
1X107  (B.  7  grams)  loaded  in  a  cavity  In  the  projec¬ 
tile  (415-416  grams),  **  as  shown  In  Figure  16. 

Tbs  grains  wore  held  in  place  by  the  end  cap,  which 
wae  screwed  over  the  projectile  base.  Burned  areas 
were  observed  at  the  base  of  the  cavity  of  the  re¬ 
covered  projectiles  Indicating  that  Ignition  of  the 
grains  had  occurred  down  the  entire  1  Trgth  of  the 
perforations.  The  end  cap  was  deformed  during 
firing,  however,  enough  to  allow  the  propellent  to 
separate  from  the  projectile.  Average  pressure 
v:rt  project!!*  dlspltcement  obtained  In  these 
firings  Is  shown  In  Figure  17  ss  the  light  dotted 
curve 

The  se-  series  of  firings  was  made 

using  1X107  propellant  grains  either  attached  to  the 
projectile  or  conv^-Honally  loaded.  In  combination 


•  The  composition  of  1X107  propellant  and  the  dizr  melon*  oi  thrae  grain*  arc  a*  follows: 

Composition  of  1X107  Propellant  Dimension*  of  Seven- Perforated  Grain 

Weight  Per  cent 


Nitrocellulose 

Nitroglycerine 

RDX 

Centralite 

Volatiles 


30.5 
26. 9 
39.4 
1.0 
0.2 


Outside  Diameter 
Grain  Length 
Perforation  Diameter 


0.443  inch 
1.117  inches 
0.045  inch 


♦•Firings  number  48  acd  49. 
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with  conventionally  loaded  SPDN  3256.  In  this  group  uf  firings  the  thickness  of  the  restraining  plats  in  the 
end  cap  was  increased  to  one-elgl  th  Inch.  Even  so,  the  end  cap  was  deformed  enough  during  firing  to  per¬ 
mit  the  propellant  grains  to  escape.  All  firings  in  this  group  were  made  with  85  gramt  of  BP  JN  3268,  3.0  gram 
of  black  powder  booster,  Mark  42  electrical  Igniters,  and  two  grains  of  1X107  propellant.  '  Projectile 
weights  for  the  two  groups  were  442  to  44S  grams  for  conventional  firings  and  436  to  43b  grams  for  the 
Irlngs  using  attrehed  1X107  grains.  The  use  of  slightly  lighter  projectiles  with  ii."  attached  charges  was 
I  ased  on  the  assumption  that  about  ala  grams  of  unburned  propellant  would  remain  In  the  p  ojactlle  upon 
i's  discharge  from  the  muzzle.  In  addition  to  the  difference  In  projectile  weights  fir  the  Vo  seta  of  firings, 
p  "Bible  differences  In  the  form  function  of  the  1X107  grains  may  have  '..rioted.  These  Jiff  cencee  might 
h.  ve  resulted  from  (1)  the  fact  that  for  conventional  firings  the  grains  were  uninhibited  w.  Je  In  the  attached 
rain  surface  probably  inhibltsd  by  •  c?5t*c!  with  th»  *  -51  of  IV  projectile  cavby 


Figure  is 

Projectile  with  Carl ‘t si  for  t  oaumg 
V -7  Propellant  Ctsfua 
(Projectile  Tyne  1) 


wbon  the  propellant  was  In  the  cavity  end  (i)  grain 
br.  akup  of  attached  IX'07  grains  associated  wtthde 
S.J.H1  of  the  r«;>H  ran.  4 

The  data  do  Indicate,  however,  thet  for 
the  ’irlng  conditions  employed,  somewhat  higher 
avei  rge  muzzle  velocities  different  aver¬ 

age  '  rensures  as  a  function  of  projectile  displace¬ 
ment  were  ubtalnnd  with  the  attached  1X107  rains. 

The  a\  arage  of  the  muzzle  velocities  correctsd  to 
a  temperature  of  30*C  for  conventionally  loaded 
charges  was  1897  ft/sec  as  compared  with  the  aver¬ 
age  corrected  velocity  for  the  attached-charge  fir¬ 
ings  of  1935ft/ssc. 4  Average pressure  versus  pro- 
j- stile  displacement  for  the  attached-charge  firings 
Is  shown  in  Figure  17  as  tAe  light  dot-dashed  curve 
while  the  light  dashed  curve  was  obtained  for  the 
comparison  rounds  fired  with  the  entlr  j  charge  conventionally  loaded. 

An  additional  series  of  firing*  was  made  using  78  grama  of  SPDN  3288  and  two  grains  of  1^107, 
conventionally  loaded  with  a  433- gram  projectile,  to  obtain  data  to  compare  with  theoretical  calculations. " 
The  average  pressure  versus  projectile  displacement  obtained  in  this  series  Is  shown  In  Figure  17  as  the 
light  solid  curve.  Theoretical  performance  for  these  loading  conditions  was  calculated  using  the  system  of 
Corner1*  to  account  for  the  bl- propellant  charge.  The  results  of  this  calculation  art  shown  In  Figure  17  a a 
the  heavy  solid  curve.  The  theoretical  curve  Is  In  <sonabts  agreement  with  the  experimental  measure¬ 
ments. 


i 


u.  mtLNiis  with  M-  i  PROi'nLLAri  i  ukAInd 

A  aeries  of  firings  was  conducted  with  a  bi-propellant  charge  composed  of  80  grams  cf  f’PDN  1268 
and  approximately  20  grams  (three  grains)  of  II- 7  propellant  •»•  Thar ■>  firing*  were  made  to  compare  per¬ 
formance  with  conventionally  loaded  M-7  grains  to  that  when  these  grains  are  loaded  in  csvltlee  In  the  base 
of  the  projectile.  The  projectile  used  In  the  attached-  ;  -arg e  firings  la  shown  In  Figure  18. 

Firings  Wv  rs  mads  with  SPDN  3288  and  M-7  grains  both  conventionally  loaded  for  three  different 
projectile  weights.  Average  muzzle  velocities  obtained  In  these  firing  were  1936  ft/sec  for  a  440-gram 

*1X107  grains  attached  to  the  projectile  —  Firing*  number  75,  76,  77,  78,  79,  80,  and  81. 

1X107  grains  conventionally  loaded  —  Firing*  number  69,  70,  71,  72,  73,  and  74. 

♦•Firing*  number  126,  127,  128,  129,  130,  131,  133,  and  134. 

***The  tingle -perforated  M-7  grains  used  in  these  tiring*  bad  a-  outside  diameter  of  0.375  inch  and  an  in¬ 
side  diameter  of  0.125  inch.  For  conventional  loadings  the  grains  were  cut  in  one-inch  lengths.  Grains 
three  inches  in  length  were  used  in  attached  charges. 
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project'le,  •  1843  ft/r.-c  with  a  402-gram  projectile,  **  and  1979  ft/sec  '».h  a  385-gram  projectile.  *•- 
Ave  age  pressure  as  a  (unction  of  projectile  displacement  obtained  'n  these  firings  with  a  402-gram  pro- 
'actlle  Is  shou  a  in  Figure  19  as  the  dashed  curve.  Theoretical  performance  calculated  tiling  the  empirical 
form  funct'on  for  SPDN 3256  (see  Section  A)  Is  also  ..,r 


shown  hi  Figure  19  as  the  solid  curve.  The  calcu¬ 
lated  muzzle  velocity,  1960 ft/sec,  Is  quite  close  to 
the  average  experimental  value  of  1943  ft/?ec.  Ex¬ 
cept  that  the  maximum  calcinated  pressure  exceeds 
the  experimental  value,  the  calculated  cmve  is  in 
reasonable  agreement  with  the  experimental  data. 

Six  rounds  were  fired  wl'h the  M-7  pro- 
pxllautgralnr.  attached  to  tho  pro;ectlle  The 
age  maximum  pressure  meat  ;  red  as  a  function  of 
"rolpc*’’''  Lavel  In  ♦N>se  Urines  is  shown  as  the 
dotted  cu_  ve  In  Figure  2C.  For  comparison  the  aver¬ 
age  maximum  pressure  observed  In  comparison  fir¬ 
ings  with  M-7  grains convcntinr-ttyloided Is  shown 
in  Fic'e  20  as  the  dashed  curve.  These  observed 
pressure  curves  indicate  that  the  maximum  pressure 
as  a  function  of  projectile  displacement  Is  reduced 
when  the  M-  7  grains  are  attached  to  the  projectile 
although  the  average  measured  muzzle  velocity  la 
increased  from  about  1979  ft/ sec  to  2022  ft/sec.  The 

FIGURE  20 

Average  Pressure  versus  Projectile  Travel  for 
Firings  made  with  20  Grama  of  M-  7  and 
60  Grams  of  SPDN  3256 


♦Firings  number  83,  84,  85,  86,  87,  and  88. 


Comparison  of  Observed  Performance  with  Calculated 
Pcrfoi  mince  for  a  Charge  Co-noosed  of  00  Grams  oi 
SPDN  3258  and  20  Guv,,  of  M-7 

both  Conventionally  Loaded  _ 


calculated  performance  under  the  assumption  that 
the  M-7  grain.  are  attached  to  the  projectile  Is  shown 
in  Figure  20  as  the  solid  curve.  The  calculated 
pressure  curve  is  in  good  agreement  with  the  ob¬ 
served  curve  although  the  calculated  muzzle  velocity 
of  1909  ft/sec  was  low  compared  to  the  average 
value  measured  under  these  conditior.s. 

E.  FIRINGS  WITH  POROUS  GRAINS  CAST  FROM 
NITROCELLULOSE  BALL  POWDER 

The  linear  burning  velocity  of  even  the 
lastevt-burning  conventional  propellant*  is  too  low 
to  permit  their  use  as  attached,  cigar ette-bv»mtng 
charges  in  the  1. 1-  ‘ich  gun.  Two  possible  methods 
of  obtaining  a  high  mass  rate  of  burning  are  the  use 
U  normal  propellants  with  a  grain  designed  to  have 
a  large  burning  surface,  ard  the  use  of  a  porous 
propellant  with  v  extremely  high  linear  burning  rate. 
Porous  grains  were  made  by  cementing  together  pre- 
plaetlctzed  nitrocellulose  ball  powder!  The  propel- 


♦♦Firings  number  96,  97,  101,  102,  103,  104,  120,  122,  123,  124,  and  125. 


♦♦♦Firings  number  89,  90,  91,  nnd  92. 
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lant  was  cured  *t  70“  F  ana  1000  psi  for  14  hours  to  form  grains  of  the  deelred  shape. 

Grains  of  this  type  ware  cast  Into  an  opening  three  inches  deep  and  one  Inch  In  diameter  In  the 
base  of  several  projectiles.  The  charge  as  cast  was  approximately  2.  5  Inches  >ong  and  weighed  approxi¬ 
mately  57  grams.  The  Initial  firing  made  with  this  charge  used  a  standard  Igniter  with  i've  grams  of 
JPN  strip  around  the  extension  tube  to  increase  the  initial  pressure.  The  muztle  velocity  recorded  was 
220  it/sec  and  the  pressure  was  too  low  to  measure.  The  projectile  was  rocovs.  .*4  with  most  of  the  propel¬ 
lant  Intact.  There  was  no  visual  evidence  that  burning  had  occurred.  The  missis:}  prop ^  lant  was  probably 
lost  when  the  projectile  struck  the  sand  In  the  gun  butt.  The  length  of  the  propel!*  .t  gr-.i.  had  been  reduced 
about  one-half  tr.ch  by  the  cetoack  forces  during  the  firing.  A  ••corn’  fl.l  ig  was  made  w<  >  a  porous  attached 
charge  and  flO  grams  nf  8PDN  3258  conventionally  loaded.  Extremely  high  pressures  In  ..•.s  firing  irrepa¬ 
rably  damaged  the  barrel  and  breech  of  the  gun.  It  Is  believed  that  the  rapid  pressure  r'«e  due  to  the 
SPDN  C25f  broke  up  the  oall  powder  charge  which  In  turn  burned  very  rapidly  to  generate  the  excessive 
pressure. 
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18  V.  EXPERIMENTAL  STUDIES  IN  GUN  B 

Experimental  'lrlngs  in  Gun  B  wore  conducted  during  the  period  from  June  1954  to  November 
1954.  Loading  conditions  and  pertinent  measured  ballistic  data  for  all  firings  in  Gun  B  '-re  given  ir  Table  n 
of  Appendix  A. 

A.  FIRINGS  WITH  CONVENTIONALLY  LOADED  CHARGES  OF  8PDN  3255 

Thu  Initial  firings  In  Gun  B  wire  designed  to  test  the  operation  of  the  gun  uni  lnstr  mentation. 
These  firings  were  made  with  a  conventionally  loadad 
charge  of  90  grams  ofSPDN3255.  The  first  13  fir¬ 
ings  of  this  18-round  series  were  made  with  projec¬ 
tiles  having  a  phosphor  bronze  forcing  band.  Nominal 
weight  of  the  projectile  was  352  grams  and  weight  of 
the  forcing  band  wru:  a'uum  o  grams.  Muzzle  veloc¬ 
ity  ■  the  first  seven*  oi  inese  rounds  measured 
using  the  photoelectric  screens  and  the  counter- chronograph  was  2185  ±  78  ft/sec.  Fj.  -Ate  »r*t  elx  firings** 
the  muzzle  velocity  measured  using  the  conduc  ting  glass  slides  and  counter- chronograph  was  2185  ±  39  ft/sec. 

A  series  of  ilvt  rounds  was  fired  with  no  forcing  band  on  ths  projectiles.  ***  The  average  muz- 
ule  velocity****  for  this  series  was  1970  a  60  ft/sec  as  measured  with  the  photoelectric  screens  and  counter¬ 
chronograph.  The  average  value  of  the  peak  pressure  measured  in  the  firings  with  the  forcing  band  was 
25, 900  psl,  while  the  average  peak  presaure  for  the  firinga  without  the  band  was  14, 800  pal. 

B.  FIRINGS  WITH  BASKET- TYPE  PROJECTILES 

A  scries  of  firings  was  made  la  which  the  propellant  was  loaded  In  a  perforated  steel  basket 
attached  to  the  rear  of  the  projectile.  Figure  21  ie  a  schematic  drawing  of  one  type  of  basket  projectile. 

This  projectile  la  assembled  from  four  pieces:  (1)  a  uoseplece;  (2)  a  perforated  tube  with  s  wall  thickness 

of  0. 038  Inch;  (3)  a  threaded  plug,  which  is  silver 
soldered  in  ths  forward  and  of  the  perforated  tube 
and  Into  which  the  nose  la  screwed  after  the  propel¬ 
lant  ie  loaded;  and  (4)  a  tailpiece  and  an  Internal 
flash  tube  which  is  silver  soldered  Into  the  perfo¬ 
rated  tube.  A  flash  tubs  extension  from  ths  primer 
slipped  into  the  permanent  flash  tvbe  In  ths  basket 
to  Ignite  the  propellant.  Four  firings  were  made 
In  each  case,  mechanical  failure  of  the  projectile 

Ur  aodidonai  firing*  were  made  with  rs-dss}*--*'*  basks*- type  projectiles.  The  projectiles, 
shown  schematically  '  •  Figure  22,  were  fabricated  from  brat- treated  alloy  steel  with  the  tubing  and  tail¬ 
piece  an  integral  part.  Fabrication  of  the  nosepiece  of  the  projectile  was  the  same  as  with  the  project?  la 
shown  In  Figure  21.  Firings  175  and  176  of  this  series  wars  made  with  50  _,~ams  of  JPN  strip  propellant 
0. 045  Inch  thick  loaded  in  the  banket,  while  fir  Inga  177,  176,  165  and  186  wars  mads  with  JFH  strip  pro¬ 
pellant  fabricated  by  cementing  together  two  sheets  of  propellant  each  0.  C"<  Inch  thick.  In  each  firing 
structural  failure  of  the  basket  occurred,  usually  the  tailpiece  separating  from  the  body  of  the  basket.  * 

No  propellant  was  recovered  In  any  of  the  projectiles. 

*Muzzle  velocity  measured  using  photoelectric  screen!  —  Firings  number  137,  13S,  139,  140,  141,  142, 
and  143. 

**Muzsle  velocity  measured  using  conducting  glass  slides  —  Firings  number  144,  145,  146,  147,  148,  and 
149. 

***Firinge  number  150,  151,  152,  153,  and  154. 

****The  velocity  recorded  for  Firing  154  is  believed  to  be  incorrect,  and  is  not  included. 


FIGURE  22 

Modified  Basket- Type  Projectile 
(Projectile  Type  0-2) 
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FIGURE  21 

Basket-  Type  Projectile 
(Projectile  Type  O) 
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— ,  jired  with  cemented  JPH  strip  proi 
— i  seated  In  a  position  such  that  the  efl 
A  live- Inch  Hash  tube  was  used  with  the 
Curves  o!  average  maximum  pressure  recorded 
from  the  breech  for  the  attached-  F1GI 

loaded  com-  comparison  of  Average-] 
,  shown  In  Figure  23.  The  maxi-  from  the  BwwhfaM 

recorded  at  the  various  gage  post-  _ 

loaded  In  the  basket  "*T _ , 

Is  obtained  dur-  _ 1_ 

flrtt  15  Inches  of  projectile  travel.  *  The  \  y/_SaT“ 

recorded  for  the  attached-  _«•=»  -V-  4 - -V - — 

_ _  v>R7  ft/ sec  as  compared  with  a  *  \  i _ r 

velocli/  of  1891  ft/ sec  with  the  charge  conventionally  |  X  \  [ 

loaded.  Unburned  propellant  recovered  In  front  of  i  ^ _ \  — 

the  gun  for  the  conventional  Srfsss  averaged  0. 008 

mrh  thick  In  good  agreement  with  theoretical  predlc-  SCL'TSTSTS Sm  — 

tlons. 

In  addition,  two  firings  were  made  with  Sr;  *  ^  ^ 

basket- type  projectiles  having  a  conical  tall  as  shown 
in  Figure  24.  *  Theoretic**,  It  1.  expected  that  u«  of 

a-  projectile  velocities  than  attained  with  a  mare  tall  because  the  velocity 
projectile  would  be  higher  and  In  turn  the  Impulse  effect  ™  ^ 

Ruined  in  these  firings  (Firing.  :.M  and  189)  with  cemented  JPh  str* 

ttm  tallnlece  separated  from  the  bod,  of  the  basket  with  no  lar.c  piece. 


For  comparison,  six  rounds  were 
loaded.  For  these  firings  the  projectile  was  t 
was  the  same  as  in  the  attached  firings, 
not  with  the  basket  projectiles, 
down  the  barrel 

charge  firings  and  for  the  conventionally 

par  Ison  rounds  are  I - 

mum  pressures  i  - - 

tlons  are  higher  with  the  charge 
and  a  reasonably  constant  pressure 

lng  the 

average  muazle  velocity 

cfcaigv  urings  was 


FIGURE  24 

Ba*cet-Type  Projectile  with  Conical  Tall 
7  (Projectile  Type  O) 
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One  round,  Firing  187,  was  fired  with  a  ninety- one-perforated  grain  cast  in  the  base  of  a  pro¬ 
jectile  as  shown  in  Figure  25.  *  Both  muzzle  velocity  and  maxi  mum  pressure  recorded  in  the  firing  were 
relatively  low.  The  recovered  projectile  indicated  that  the  end  cap  had  been  sheared  ofr  during  the  firing 
and  that  no  unburned  propellant  remained  in  the  projectile. 

Additional  experimental  studies  with  this  type  projectile  were  in  process  when  ui«  program  wa 
discontinued. 

FIGURE  25 

Ninety-One- Perforated  Grain  and  Projectile 
(Projectile  Type  J-2) 
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As  a  parallel  to  the  experimental  gun  firings,  Interior  'uailtr.tlc  studies  were  made  to  aid  In  the 
Interpretation  of  experimental  results  and  In  the  design  of  propellant  charges. 

A.  CALCULATED  SHOT-START  PRESSURE  AND  RETARDING  FORCE  ON  THE  PROJECTILE 

A  method  was  developed  to  calculate,  tor  a  given  set  of  loading  conditions  ana  with  assumed 
values  of  maximum  pressure  and  muzzle  velocity,  explicit  values  of  shot- start  pro  cure  and  retarding  force 
on  the  projectile.  *  Using  values  of  average  muzzle  velocity  and  maximum  pressure  recorder  \a  the  series 
of  Firings  187-172,  shot-start  pressure  was  estimated  to  be  18,  800  pel  and  the  retarding  for;  a  on  the  pro¬ 
jectile  was  estimated  to  be  2850  pounds.  These  firings  were  made  with  conventionally  loaded  7PN  strip 
propellant  0. 045  inch  thick.  These  values  of  shot- start  pressure  and  retarding  force  were  fc.  ,<loyed  to 
calculate  the  performance  for  firings  using  a  50-gram  charge  of  JPH  strip  propellant  'inven‘-.,nally  loaded. 
The  calculated  values  of  maximum  pressure  sr.d  muzzle  velocity  were  In  good  agreement  with  those  observed 
for  firings  made  with  this  charge.* 


o.  PRESSURE  ukov  be.  r  wEEN  BREECH  aIZ)  PROJECTILE 

Analysis  of  firing  curves  In  which  pressure  was  measured  at  various  positions  down  the  gun 
barrel  indicated  that  the  pressure  drop  from  the  breech  to  the  first  gsge  position  Just  forward  of  the  bsse 
’  the  projectile  was  greater  than  predicted  by  conventional  interior  ballistic  theory.’  Most  interior  ballistic 
systems  arc  c- f  sufficient  accuracy  to  be  used  for  calculating  maximum  pressure  and  muzzle  velocity  for  con¬ 
ventional  gun  systems,  but  are  Inadequate  for  firing  conditions  in  which  the  propellant  burns  throughout  the 
time  the  projectile  la  In  the  gun.  These  system*  are  also  Inadequate  as  s  theoretical  basis  for  the  compari¬ 
son  of  experimental  pressures  obtained  at  various  bore  positions. 

Interior  ballistic  calculations  require  an  accurate  relationship  for  the  pressure  gradient  between 
the  breech  and  the  baae  of  the  projectile  In  order  to  determine  the  momentum  of  the  propellant  and  propel¬ 
lant  gases  and  the  acceleration  of  the  projectile.  The  simplest  solutions  to  R-s  hydrodynamic  problems  of 
distribution  of  pressure,  density,  and  gas  velocity  between  tbs  breech  and  the  base  of  the  projectile  era 
based  upon  the  assumption  that  the  density  of  the  propellant  gas  is  constant  down  the  bore.  Based  on  this 
assumption  the  following  relationship*  are  obtained;1* 

Velocity  Distribution: 


(1) 


Ratio  of  pressure  at  breech  to  pressure  on  the  bsse  of  the  projectile: 


<1) 


where  x  Is  the  distance  from  the  breech,  y  the  coordinate  nf  the  bsse  of  the  projectile,  4?-  tbs  projectile 

Ul 

velocity,  Pb  the  breech  pressure,  P«  the  pressure  cu  the  bass  of  the  projectile,  C,  the  powder  mass,  and 
W  the  projecale  mass. 

Equation  (2)  indicates  that  the  relationship  between  breech  and  •  vot  pressure  is  independent  of 
the  velocity  or  displacement  of  the  projectile,  In  disagreement  with  the  intuitive  concept  that  the  pressure 
gradient  should  be  zero  when  y  =  0  aiJ  should  increase  with  projectile  truv"'  down  the  bore.  Hunt11  derives 
Equation  (2)  and  obtains  an  Indirect  dependency  of  tbs  pressure  gradient  on  projectile  travel  by  assuming 
that  the  unburned  propellant  remain*  at  rest  In  tbs  chamber.  Then  C,  in  hj§  equation  Is  t’  s  weight  of  tbs 
propellant  burned,  which  Is  indirectly  related  to  the  displacement  of  the  projectile. 

The  more  elaborate  solution  to  the  hydrodynamic  problem  given  by  both  Pldduck1*  and  Kent1*  for 
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the  ratio  of  pressure  at  the  breech  to  the  pressure  on  the  base  of  the  projectile  Is: 

+  (§)  +  (w+Si5rT)(^)  +"  (3) 

where  y  Is  the  ratio  of  specific  heats  of  the  propellant  gases.  This  solution  Is  Terr  close  to  the  conventional 
approximation  given  In  Equation  (2),  differing  only  by  terms  of  higher  powers  of  ind  ajr.tn  does  not  in¬ 
dicate  any  dependency  of  the  pressure  drop  on  projectile  travel.  On  the  basis  of  the  aaiumpti-raa  made  by 
Pidduck  and  Kent  to  describe  the  hydrodynamic  problem,  the  initial  density  decreases  from  _-eech  to  pro¬ 
jectile  In  disagreement  with  the  previous  assumption  of  constant  density. 

The  importance  of  the  density  gradient  on  the  ratio  of  breech  pressure  to  nressure  on  the  base 
of  the  projectile  has  been  considered1  making  ‘h*  assumption  that  the  gas  density,  ,  ctnbt  expressed  as 
the  polynomial, 


* 


There  A  is  the  cross  section  of  the  base  of  the  projectile,  and  o0,  a( .... 
this  aszu'.indtns,  integration  of  the  equation  of  continuity 


om  are  arbitrary  constants.  Under 


(4) 


gives  the  following  expression  for  the  velocity  of  the  gases  at  any  position 


v  * 


JL.SX. 

y  dt 


(5) 


wfci.h  is  identical  to  the  expression  obtained  under  the  assumption  of  a  constant  density. 

To  determine  the  ratio  of  pressure  at  the  breech  to  pressure  st  the  bass  of  the  projectile  for  the 
assumed  density  function,  Equation  ( 5)  is  used  together  with  the  equation  of  motion  of  the  gas 


to  obtain 


dv 

W 


P. 


1  +  -^- 


(«) 


(D 


which  for  a  constant  density  reduces  to  Equation  (3). 

If  the  existence  of  pressure  waves  is  {*•;>.  .ted,  ins  gas  density  probably  decreases  monotonlcaUy 
from  breech  to  projectile.  For  the  case  In  which  the  density  is  a  quadratic  in  x 

P  *  -fr  [°o  ♦  (-$-)*  ] 

and  the  density  st  the  breech  is  HO  per  cant  of  the  average  density,  the  c'nistants  can  be  evaluated  as  follows: 


Oo  «  l.i 

a,  *  -(0.2  +  Oj) 

-0.3d  a2io.l5 
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The  pressure  ratio  -  under  these  conditions  becomes 
Ps 


A 


,  +  ji.  r^|. +2ii 
1  *  A  r6^+  36  J 


(8) 


Thus  from  comparison  of  Equation  (7)  with  Equation  (2)  It  Is  concluded  that  the  variation  of  gas  density 
down  the  bore  has  little  effect  on  the  magnitude  of  the  ratio  of  breech  to  projectile  '  .  e*eure. 

C.  INTERIOR  BALLISTIC  SYSTEM  FOR  ATTACHED  CHARGE 

An  Interior  ballistic  system  was  developed  to  calculate  the  performance  for  tngs  In  which  a 
conventional  propellant  charge  was  attached  to  the  projectile  or  when  part  ot  the  propella^;  was  conventionally 
loaded  and  part  attached  to  the  projectile.  In  this  system  the  form  function  of  the  propeu^.1  charge  and  the 
propellant  burning  rate  are  used  to  determine  an  equivalent  mass  burning  rate  for  an  assumed  end  burning 
ci<ar»c  attached  to  the  projectile.  In  general,  for  conventional  propellant  charge!  the  sy&:em  predicts  that 
the  c-as  column  to  the  rear  of  the  projectile  flows  aw./  from  the  projectile  during  the  early  part  of  projected 
travel  and  thereafter  flows  In  the  same  direction  as  the  projectile. 

The  equations  forming  the  heals  of  the  Interior  ballistic  system  are: 

Equation  of  Motion: 


Equation  of  State: 


dVp 

p.A-p.M-JL 


P(v-i))»  NRTy 


where 


and 


v  > 


V|  ♦  AX 


+  t 


C| j s  Csj 

Equation  of  State  at  Rear  of  Combustion  Zona; 

NRTi 


Energy  Balance: 


P97> 


19) 


(10) 


(10a) 


(11) 


fa-  C«-Csi\ 

r<  ,  .  M'vS  t '  PA  '  rx 

-J  Cy  (C,j  +  Csj  )dT»  — A+  J  dx  +  jTm* 

T,  j  Vi  r..  ♦  r,.  \  0 


(11) 


TT 


or  assuming  a  Kent  distribution  of  the  propellant  and  propellant  gases  to  the  re*r  the  comoueUcn  sons: 

Cy  (C, j  •»  Ctj){Ty-T)  ■  -Tgy  (Vp-  Vg)V  FX  (11) 


Velocity  of  Oases  Lsaylnc  Combust*  da  Zone: 


Ve" 


Pressure  Drop  across  Combustion  Zone: 

Ps-Px*  pr'Vg 
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where 


where 

A 

C, 

C« 

Cij 

c«i 

Gy 

Fr 

L. 

L, 

M 

M' 

Nr 

n 

P 

Fz 

P. 

pb 

r' 

Ty 

TP 

Vp 

Vfl 

Vi 

v 

Vi 
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Relationship  between  Spnce  Average  Pressure  and  Pressure  at  Rear  of  Combusito..  Zone 


P=P  +  5^2!L  r  dv-£-£^_  lyp-Wai-^.i 

p  5a  L  dt  Tf  Vi  C|  ♦  C«]  J 

A+  A4-^ 


Form  Functions  of  Propellant  Grains: 


dCtj 


(10) 


C|j  -  <*,  L,  +  ♦  y,  l* 

(17) 

c»j  =  a,t-(  +  pt  l*«+  f*lI 

(18) 

L,*  K  f  ’  Pndt 

(17a) 

"0 

1 1« « rr/  pz  +pi  d» 

(18a) 

V  2  / 

s  of  Attached  Charge: 

Lr  J-(a,+  2^L,  +  3r,L*t) 

(18) 

•  cross-sectional  area  of  bore 

•  total  unattached  charge  weight 

■  total  attached  charge  weight 
»  we'gh*  of  0,  burned  at  time  t 

•  weight  of  C(  burned  at  time  t 

•  specific  heat  of  powder  gas  at  constant  volume 
»  frictional  resistance  to  projectile  motion 

•  distance  burned  through  Gj  grain  at  time  t 

•  distance  burned  through  C,  grain  at  time  t 

m  total  mass  being  accelerated;  M  »  weight  of  projectile  ♦  C,  -  C,j 

•  mass  accelerated,  adjusted  for  record  heat  loss,  rotation,  etc. 

>  gas  constant 

>  burning  rate  pressure  exponent 

>  space  average  pressure  In  tubs 
-  pressure  at  Same  son* 

•  pressure  on  b*se  of  projectile 

>  pressure  at  breech 

•  effective  burning  rate  of  C, 

a  constant  volume  flame  temperature 
a  constant  pressure  flame  temperature 

■  velocity  of  projectile  with  respect  to  gun 

•  velocity  of  gases  leaving  Rame  sons  with  respect  to  projectile 

•  velocity  with  respect  to  gun  of  gases  at  any  X- section 

>  specific  volume  of  powder  gases 
a  initial  free  volume 
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W  -  weight  of  projectile 

X  -  displacement  of  projectile  from  Initial  pose 
«  =  distance  of  any  X-sectlon  from  Initial  position  of  projectile 

Y  ■  ratio  of  specific  heats  of  propellant  gr  ~es 
cij,/3j,7j  =  coefficients  used  In  form  function 
8  »  constant  used  In  Kent  distribution  2  gases 

t)  «  co-volume  of  gases 
K  »  burning  rate  of  coefficient 
P  =  density  of  solid  propellant 
Pq  »  density  of  propellant  gases  leaving  flame  tone 
■  density  of  gases  at  any  X-  section 

These  equations  are  solved  using  a  stepwls Iterative  procedure  to  determine  Hl'lstie  perform¬ 
ance  for  ■  on  set  of  loading  conditions  and  propellant  parameters. 
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A  GUN  RANGE  AND  INSTRUMENTATION  DEVELOPED  TO  CONDUCT  EXPERIMENTAL  FOUNDS 

A  gun  range  waa  constructed  and  an  instrumentation  system  developed  to  t-iessiuc  mUletlc  par¬ 
ameters  in  the  experimental  firings  of  modified  1. 1-inch  guns.  The  Instrumentation  ayetezi  vra>ch  was 
evolved  during  the  program  was  functional  and  reliable. 

The  modified  1. 1-lnch  guns  vcre  not  entirely  satisfactory  for  use  in  this  et’U.'y.  The  major 
difficulty  was  the  extremely  small  propellant  web  that  could  be  burned.  As  a  result,  the  design  end  fabri¬ 
cation  of  progressive  propellant  chaiges  and  the  procurement  of  adequate  standard  test  props.-  it  was 
difficult.  If  further  studies  are  conducted  it  is  recommended  that  a  J"/70  caliber  gun  be  empi  -wd. 

3.  PRESSURE  AT  BREECH  MEASURED  WITH  A  PRESSURE  GAGE-IGNITER  COMBINATION 

A  pressure  gave- Igniter  combination  was  developed  to  measure  chamber  pressure.  Wiih  this 
euge,  which  «tf,  into  the  cartridge  case,  drilling  through  the  receiver  into  the  chamber  ~ud  aligning  this 
pressure  .us  sage  with  a  bole  in  the  cartridge  case  ii  elluwated.  These  gages  gave  excellent.  sc  illation- 
free  pressure  traces.  The  major  problem  with  the  gage  was  the  effect  of  the  hot  gases  whirl;  surrounded 
the  gage  housing  on  the  gage  sensitivitv. 

c.  i-.t.Tnor;  of  inhibited  jpn  sheet  propellant  difficult 

A  progressive  charge  was  fabricated  by  inhibiting  0. 078  inch  thick  JPN  sheet  propellant  with  a 
0. 033-Inch  film  of  ethyl  cellulose  and  by  making  cuts  one- sixteenth  inch  apart  through  the  inhibitor  on  both 
sides  of  the  sheet  It  was  found  that  propellant  prepared  in  this  manner  waa  extremely  difficult  to  Ignite  in 
gun  firings. 

D.  HIGHER  MUZZLE  VELOCITIES  OBTAINED  IN  FUtLJGfi  WITH  ’SITBPSt  1*107  OR  M-  7  (HIAIKS 
ATTACHED  TO  THE  PROJECTILE 

The  average  muaale  velocity  obtained  In  firings  in  which  either  1X107  or  M-7  propellant  grains 
were  attached  to  the  projectile  In  combination  with  conventionally  loaded  SPDN  UU  was  somewhat  higher 
than  the  muzsle  velocity  obtained  in  comparison  firings  in  which  nil  the  propellant  charge  was  conventionally 
loaded.  Comparison  of  average  pressure  ss  a  function  of  projectile  travel  for  the  two  loading  conditions 
Indicated  that  lower  pressures  were  obtained  when  the  propellant  grains  were  attached. 

When  either  1X107  or  M-7  grains  were  attached  to  the  projectile  the  end  caps  which  initially 
restrained  the  grains  in  cavities  in  the  projectile  base  were  deformed  enough  to  allow  tbs  grains  to  escape. 

K.  HIGHER  MUZZLE  VELOCITIES  OBTAINED  IN  FIRINGS  WITH  BASKET- TYPE  PROJECTILES 

The  average  muscle  velocity  recorded  for  firing  In  which  the  propellant  was  loaded  In  s  steel 
basket  attached  to  the  base  of  the  projectile  was  about  30c  f*/sec  higher  than  the  average  muscle  velocity 
recorded  In  firings  wi‘‘.  the  aims  charge  and  pr-jectlle  weight  In  which  the  propellant  was  conventionally 
loaded.  The  maximum  pressures  recorded  at  the  various  gage  positions  wars  higher  whan  the  ?h*rgs  fas 
loaded  In  the  basket  and  a  reasonably  constant  pressure  was  obtained  durln?  'he  firut  18  inches  of  projectile 
travel. 

In  each  firing  with  a  basket- type  projectile  eti  uctural  failure  o'  the  basket  occurred,  usually  the 
tailpiece  separating  from  thn  body  of  the  basket.  No  propellant  was  recovered  in  any  of  the  projectiles. 

F.  METHOD  DEVELOPED  FOR  CALCULATION  OF  THEORETICAL  PERFORMANCE  OF  ATTACHED 
PROPELLANT  CHARGE  OR  ATTACHED  CHARGE  IN  COMBINATION  WITH  A  CONVENTIONALLY 
LOADED  CHARGE 

An  lntarlor  ballistic  system  was  developed  to  calculate  the  theoretical  performance  for  firings 
In  widen  a  conventional  charge  Is  attached  to  the  projectile,  or  when  port  of  the  propel  lent  is  conventionally 
loaded  and  port  attached  to  the  projectile.  In  this  system  tbs  form  function  of  tbs  propellant  charge  and  the 
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propellant  burning  rate  are  employed  to  determine  an  equivalent  mass  burning  rate  for  an  asaumed  end* 
burning  charge  attached  to  the  projectile.  In  general,  for  conventional  propellant '  bargee  the  calculation 
predicts  that  the  gases  to  the  rear  of  the  projectile  flow  away  from  the  projectile  during  *he  early  part  of 
the  projectile  travel  and  thereafter  flow  In  the  same  direction  an  the  projectile. 

A  stepwise  Iterative  procedure  la  employed  to  solve  the  equations  .t«*crlbtng  the  ballistic  system. 
Calculated  performance  curves  ar.  in  reasonable  agreement  with  experiment. 

0.  DESIGN  OF  ATTACHED  CHARGES  USING  CONVENTIONAL  FROPELLcalTS  *'*\jUIF.Kti  HIGHLY 
PROGRESSIVE,  SMALL- WEB  GRAINS 

Propellant  charges  designed  with  conventional  propellants  to  approach  the  penarmance  of  an 
•mpulse  gun  in  the  modified  1. 1-inch  guns  require  highly  progressive  grains  with  small  wwo.  The  most 
promising  approach  was  found  to  be  s  ninety -one- perforated  grain  cast  in  s  cavity  In  the  base  of  a  projec¬ 
tile.  Si>cc»e«u'ui  grains  of  this  type  were  made  with  plastl sol- grade  nitrocellulose.  Thee-.  grains  ware 
c: -.posed  of  SO  per  cent  nitrocellulose  ( i  J.  8  por  ce«i  K),  46  per  cent  nitroglycerin  and  5  par  cant  dlstfayl  - 
phthalate.  Only  one  round  was  fired,  however,  before  the  program  waa  terminated,  it  is  suggested  that 
the  use  of  such  grains  a  attached  charges  be  further  investigated. 

H.  MECHANICAL  ATTACHMENT  OF  PROPELLANT  CHARGE  TO  THE  PROJECTILE  A  MAJOR 
PROBLEM 

A  major  problem  In  the  utill  tatlon  of  conventional  propellants  in  accordance  with  tha  attached- 
charge  principal  In  the  modified  1. 1-lnc.  gun  waa  mechanical  attachment  of  the  propellant  to  the  projectile. 
The  forces  involved  In  accelerating  projectile*  to  Ugh  velocities  often  exceed  the  strength  of  both  propellant 
and  practical  metal  parts  used  to  transmit  the  accelerating  fores  from  tbs  projectile  to  the  propsllaaL  In 
no  experimental  firing  (with  s  reasonable  muasl#  velocity)  In  wKVh  part  of  the  attached  propellent  was  not 
expected  *c  burn  did  unburaed  propellant  remain  in  tha  projectile  throughout  projectile  travel.  In  addition, 
even  the  strongest  basket- type  projectile  employed  In  this  program  suffered  mechanical  failure  either  during 
travel  in  the  gun  tube  or  after  leaving  the  bore.  It  la  suggested  that  further  investigation  of  basket-type  pro¬ 
jectiles  be  undertaken  to  determine  the  mechanism  u>  structural  failure  which  occurred  In  experimental 
firings. 
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Table  I  (Cont'd) 

Loading  Conditions  and  Ballistic  Parameters  (or  Firings  Conducted  In  Gun  A 


Firing 

No 

Propellant 

Wilght 

(Cimt) 

Loading 

Projectile 

Igniter 

Charge 

Booeter 

Ckerge 

(Oni) 

Projectile 

Weight 

.GiUii) 

Temperature 

Chamber 

Preeeure 

P«e.  1 

Preeeure 

(pell 

Poe.  S 
Preeeur 

(pel) 

■*  L  .  * 

Free*  -~e 
(pell 

Poe.  « 
Preeeure 
(pel) 

Muasle 

Velocity 

(il/eec; 

8t 

8PDN  3256 

65.0 

Conv. 

P 

Mk  42 

3  0 

433.0 

77.0 

- 

- 

IS,  7 BO 

•,’rio 

S,  710 

IMS 

IX  107 

9  4 

Att. 

•7.0 

704 

82 

14-7 

58.0 

O 

10  |  B.  P 

9  U 

444.0 

— 

— 

— 

63 

BPDN  3256 

60.0 

Conr. 

0 

l.»ti« 

J.O 

442.0 

•4  0 

— 

“ 

M-7 

20  0 

•4  0 

64 

8PDN  3256 

60.0 

Coot. 

G 

!.  S  g  B.  P 

3.0 

442.0 

— 

— 

- 

“ 

~ 

05 

M-7 

EPDN  3256 

10.0 

60  0 

Conr. 

Conv. 

Q 

1.0  f  B.  P. 

1.0 

Ml  1 

•0.0 

- 

- 

4,  O'”. 

- 

- 

IMS 

80 

11-7 

BPDN  3358 

20  5 

00.0 

Conv. 

Conr 

G 

1  0  B  B.  P. 

2.0 

443.2 

•to 

- 

11,  100 

11,  4° 

- 

1451 

87 

W-7 

SPDN  3256 

20  7 
60.  n 

Conv 

Conr. 

O 

1  Of  B.  P. 

1.0 

443.0 

•7.0 

- 

- 

18, 780 

10,  u 

4,100 

1813 

Hfi 

14-7 

EPDN  3156 

30.  o 

00  0 

Conv. 

Conv. 

O 

1  0  |  B.  P. 

so 

442.3 

15.0 

- 

- 

- 

- 

4.000 

1S8B 

66 

M-7 

BPC’f  3256 

21.0 

00.0 

Conv 

Conv. 

G 

1.0  4  Z.  .  . 

2.0 

313.1 

101.0 

- 

31,450 

11,  *-0 

- 

*001 

60 

M-7 

SPUN  3256 

20.4 

OG  3 

Conv. 

C.tr-  ■ 

G 

1.0  g  5.  P 

1.0 

36  !  7 

100.0 

- 

14,800 

IS,  780 

1*.  800 

8,000 

1084 

*j  - 

r::»ON  J?r>0 

■ro.e 

00. 

o 

1.0  g  B.  P. 

2.0 

344.0 

>4  0 

- 

- 

- 

4.100 

1884 

M-7 

20.4 

103.0 

1941 

•  2 

uPDN  3250 

00.0 

Conv. 

O 

1.0  I  B  P. 

2.0 

342.0 

— 

— 

— 

- 

93 

M-7 

8PDN  3256 

20.0 

05.0 

Conr. 

Conr. 

C 
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